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Abstract

As a contribution to the GAME/HUBEX program, we used historical data and the Regional Climate
System Model (RCSM) to analyze and simulate precipitation and streamflow in the Xixian basin. Historical
data for the period 1982 to 1988 indicates that peak precipitation and streamflow occurs during the summer
and early fall, when this region is affected by the East Asian summer monsoons and typhoons, respectively.
In preparation for long-term coupled atmospheric and streamflow model simulations, we calibrated the

" RCSM’s semi-distributed hydrologic model (TOPMODEL) for the Xixian basin using observations from
1982 to 1984 and validated for the period 1985 to 1988 with good results.

Long-term hydroclimate simulations generated for the period January 1979 to December 1983 using the
RCSM captured important hydroclimate characteristics of the region. The simulated seasonal precipitation
and streamflow variations agree well with observations during late fall to spring. Summertime precipitation
and streamflow were overestimated in the hindcast. The over-estimated precipitation may be due to the
input large-scale forcing and the difficulty in simulating convective precipitation during the monsoon season
using a mesoscale atmospheric model. Coupled modeling of regional climate and streamflow is a relatively
new capability. Implementation of this technique to river basins in the East Asia region will result in an
increased predictability of water resources for this region.
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1. Imtroduction

Understanding the hydrologic response to climate
variability and climate change has become a grow-
ing international concern. The Global Energy and
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Water Cycle Experiments (GEWEX) have orga-
nized a number of field campaigns to better under-
stand hydrologic response over large regions and
at important river basins. The GEWEX Asian
Monsoon Experiment (GAME) regions are located
in Siberia, the Tibetan Plateau, Indochina, and
eastern China, including the Huaihe basin. The
GAME/Huaihe Basin Experiment (HUBEX) tar-
gets a tributary of the Yangtze River that affects
heavily populated industrial and agricultural cen-



986 Journal of the Meteorological Society of Japan

ters in eastern China.

Coupled limited-area atmospheric and stream-
flow modeling (Leavseley et al. 1992; Miller and
Kim 1996; Leung et al. 1996; Leung et al. 1999;
Kim et al. 1998a; Yu et al. 1999) has become an
important tool for dynamically downscaling coarse-
resolution data to simulate local hydrometeorology
for assessing regional climate and its impact on
streamflow. Dynamic downscaling systems have
successfully been used for short-term predictions
of flood events (Miller and Kim 1996; Yu et al.
1999), seasonal hydroclimate predictions (Kim
et al. 1998a, 2000a, b; Miller et al. 1999), and
analysis of the effects of snow budget on stream-
flow in mountainous basins (Leavesley et al. 1992;
Leung et al. 1996; Kim et al. 1998a). These
studies have shown that coupled limited area atmo-
sphere models and streamflow models can capture
quantitative precipitation and streamflow for tem-
poral scales from multi-storm events to a season.
Such a capability is important for flood forecasting,
improved reservoir operation, and water resources
assessment.

A focus of the numerical hindcast study pre-
sented here is to evaluate the Regional Climate
System Model (RCSM) for simulating important
hydroclimate features in East Asia. This is im-
portant for a better understanding of the magni-
tude of long-term streamflow response, and how
this impacts water resources and agricultural pro-
ductivity. These hindcast evaluations are a step
toward improved simulations of downscaled hydro-
climate projections and impact analysis. By diag-
nosing coupled hindcast simulations, one can move
forward with fully coupled streamflow predictions
and crop simulations at seasonal time scales with
increased confidence. It should be noted that flood
modeling requires numerical weather predictions
at fine spatial scales for capturing the sub-daily
response. This paper focuses on the hydrologic
calibration and response at a single basin, and ad-
dresses the monthly time scale hindcast as an eval-
uation of precipitation and streamflow in prepara-
tion for a more comprehensive long-term hydrocli-
mate impact assessment that will include a number
of additional basins.

The following sections provide a brief summary
of the geography and hydroclimatology of the
HUBEX area, and an overview of the RCSM. It is
followed by discussions of the streamflow model cal-
ibration and verification, and results from a down-
scaled hydroclimate simulation for the HUBEX
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Xixian basin during the period January 1979 to
December 1983.

2. GAME/HUBEX site

The Huaihe is a tributary of the Yangtze River,
and is located between 113°E, 31°N and 121°E,
36°N, with a drainage basin area of 185,000 km?.
The Xixian basin (Fig.1), one of the GAME/
HUBEX intensive study sites, is located in the
southwestern headwater region of the Huaihe basin
with an area of 10,137 km?. Fig. 2 indicates the lo-
cations of the streamflow gauges, rain gauges, and
sub-basins within the Xixian basin.

The Xixian basin has low depressed landforms
and contains clayey .alluvial-lacustrine deposits
(FAO-UNESCO, 1978). The terrain elevation
ranges from 15m above mean sea level at the city
of Xixian (streamflow gauge 51012) to over 1,000 m
above mean sea level in the western and south-
ern Tongbai and Dabie Mountains (Fig.2). The
flat valley region downstream of the streamflow
gage 51010 has an elevation of 15-60 m above mean
sea level and is frequently flooded during the sum-
mer and fall seasons. Due to limited data, we
were unable to obtain natural flows for the entire
Xixian basin and have focused on a headwater re-
gion. We have selected the basin upstream of the
51010 streamflow gauge in Fig.2 for this study,
since no reservoir controls the streamflow at this
location and the discharge from this headwater re-
gion significantly affects the city of Xixian and the
crops in the valley regions during the wet season.
For clarification, the sub-basin that is upstream of
stream gauge 51010 will be referred to here as the
Xixian study basin.

Mean annual precipitation at four rain gauge sta-
tions (51000, 51001, 51005, and 51010), in the
Xixian study basin (Table 1) show a strong spatial
variation, perhaps due to the orographic forcing
by local terrain. The basin-average (arithmetic)
mean annual precipitation is 987mm/year for the
ten-year observation period, 1979 to 1988. De-
spite the strong spatial variation, there were no
observed systematic variations as a function of el-
evation. Investigation of both streamflow and rain
gauge records show that storm events exceeding
40mm/day tends to cause overland flooding. This
also depends on the storm frequency and the an-
tecedent soil moisture conditions.

The observed mean-seasonal precipitation at each
station is presented in Table 2. The summer (JJA)
precipitation was 36.6%, 48.4%, 45.7%, and 45.9%
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Fig. 1.

The East Asian domain used in the RCSM mesoscale simulations and the location

HUBEX/Xixian study region. Contours (meters) represent the mesoscale topography.

Table 1.

Mean annual precipitation within the Xixian study basin.

987

of the

Station Number Station Elevation Annual Precipitation
51000 154 m 1148 mm/year
51001 161 m 844 mm/year

51005 119m 932 mm/year

51010 58 m 1024 mm/year

Table 2. Mean seasonal precipitation within the Xixian study basin.

Station Number | Winter (DJF) Spring (MAM) | Summer (JJA) | Fall (SON)

51000 76 mm/season | 247 mm/season | 532 mm/season | 303 mm/season
51001 41 mm/season | 177 mm/season | 409 mm/season | 218 mm/season
51005 60 mm/season | 208 mm/season | 427 mm/season | 240 mm/season
51010 75 mm/season | 226 mm/season | 472 mm/season | 254 mm/season
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Table 3. Number of storm events where storm-total precipitation exceeds 40 mm/day.

Station Number | Winter (DJF) Spring (MAM) | Summer (JJA) | Fall (SON)
51000 0 6 25 13

51001 0 4 10 4

51005 0 4 17 9

51010 0 5 28 12

_ 15m

53m

Elevation Map of
Xixian Basin

1 288m
443m
670m

1028m

zp»

Fig.2. The Xixian basin, topography, rain gauges, and stream gauges The Xixian study basin boundary
is shown as a dashed line above stream gauge 51010.
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of the annual total precipitation at rain gauges
51000, 51001, 51005, and 51010, respectively, with
a spatial mean of 46.6%. The spring (MAM) and
fall (SON) also received significant precipitation
with spatial mean values of 21.7% and 25.7%, re-
spectively, while the winter (DJF) received the least
(6%). The majority of the heavy precipitation
events occur during the summer season (Table 3),
when this region is affected by the summer mon-
soon. Heavy precipitation is also associated with
typhoons that mostly occur during the fall months
in this region.

Observed mean-daily streamflow at gage 51010
(Fig. 3) indicates that high streamflow levels occur
during July to October and low streamflow is from
October to April. Inter-annual variations indicate
that 1980, 1981, 1982, and 1987 were above av-
erage (periods with streamflow greater than 1000
CMS), while 1985 and 1986 were well below average
(less than 500 CMS). For climate analysis purposes,
streamflow per basin area with. units of mm/day
is used (units conversion for the 2,861 km? Xixian
study basin: 1 CMS =0.0302mm/day). The mean
annual streamflow at 51010 is 1.01mm/day (33.4
CMS). The mean seasonal streamflow is; 0.27 mm/
day (8.9 CMS) for DJF, 0.55 mm/day (18.2 CMS)
for MAM, 1.90mm/day (62.9 CMS) for JJA, and
1.31mm/day (43.5 CMS) for SON. It should be

Observed Streamflow at Xixian Gauge 51010
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Fig.3. Observed ten year (1979 to 1988)
daily streamflow at the Xixian 51010

gauge.

N.L. Miller, J. Kim, J.Y. Zhang and J.-H. Oh 989

noted that 1980, 1982, and 1987 were El Nifio years,
while 1985 and 1986 were mostly in the La Nina
phase. There may be a weak correlation between
the El Nifio phase of the Southern Oscillation In-
dex and high streamflow. However, the available
observed records were too short for this analysis
of long-term climate variability to be statistically
significant, and other large scale forcing is likely
contributing to the streamflow signature, for ex-
ample, the western Pacific subtropical high (Wang
et al. 2000).

3. Model description

The Regional Climate System Model (RCSM) is
composed of pre- and post-processors and a suite of
physically based models. It has been successfully
used for weather and climate predictions since 1995
(Miller and Kim 1996; Miller et al. 1996; Miller and
Kim 1997; Kim et al. 1998a, b; Miller et al. 1999;
Kim et al. 2000). The Mesoscale Atmospheric Sim-
ulation (MAS) model (Kim and Soong 1996; Soong
and Kim 1996) and Soil-Plant-Snow (SPS) model
(Kim and Ek 1995) are interactively coupled (Kim
et al. 1998b). MAS-SPS utilizes large-scale data
from analysis and GCM simulations to drive the
initial and lateral boundary conditions. Output
from the MAS-SPS directly drives a suite of one-
directionally coupled hydrologic models (lumped,
semi-distributed, distributed).

The Mesoscale Atmospheric Simulation (MAS)
model is a primitive equation, limited area model
with 18 vertical o-coordinate layers, and a 60 km X
60 km horizontal grid resolution (5400km x 4800
km) covering East Asia (Fig.1). The MAS model
computes grid-scale condensation and precipitation
with a four-class version of the bulk cloud mico-
physics scheme (Cho et al. 1989). Radiative trans-
fer is based on Harshvardahn et al. (1987) with
ice-phase (Stephens et al. 1978) and water-phase
(Starr and Cox 1985) cloud particles. MAS in-
cludes boundary layer bulk aerodynamics (Dear-
dorff 1978), eddy diffusivities (Louis et al. 1981),
and advection (Takacks 1985). The MAS model in-
cludes the National Centers for Environmental Pre-
diction (NCEP) cumulus convection scheme (Pan
and Wu 1995; Hong and Pan 1998). The two-layer
land surface Soil-Plant-Snow (SPS) model (Mahrt
and Pan 1984; Kim and Ek 1995) predicts volu-
metric soil moisture, soil temperature, canopy wa-
ter content, and water equivalent snow depth. In
this study, the coupled MAS-SPS produces the in-
put forcing for the one-directional coupled stream-
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flow simulation, TOPMODEL (Beven and Kirkby
1979).

TOPMODEL may be viewed as a system of ver-
tical reservoirs (interception zone storage, unsatu-
rated infiltration zone storage, and saturated zone
storage) formulated using Darcy’s Law and water
mass continuity. Soil moisture accounting and lat-
eral transport in TOPMODEL are based on two
assumptions: (1) the saturated zone dynamics are
approximated by successive steady state represen-
tations and (2) the hydraulic gradient of the sat-
urated zone is parallel to the surface topography-
An important feature of TOPMODEL is the semi-
distributed parameterizations and similarity in to-
pographic control of surface and subsurface flows
that help to reduce the number of model param-
eters required for calibration, while maintaining
physical representations of the dynamics. The ef-
fective depth of available water storage in a soil col-
umn is defined here as a saturation storage deficit
(SSD), and when this value is less than or equal to
zero, then the soil column is saturated and overland
flow occurs (Beven et al. 1995).

The version of TOPMODEL used in this study
has been modified and configured within the RCSM
framework (Miller and Kim 1996). The RCSM
version of TOPMODEL includes a power function
for the subsurface transmissivity profile (Duan and
Miller 1997) and a leakage parameterization. The
distribution of the topographic index, A, is one of
the mechanisms for the surface following lateral
subsurface transport assumption. Stream channel
flow (Q) is defined as the sum of surface flow (Qs)
and subsurface base flow (@), where surface flow
consists of two terms, direct overland flow (Horto-
nian or saturated overland) and return flow asso-
ciated with the water table reaching the surface.
Base flow is defined here as the percent (D) of sub-
surface water that is laterally transported downs-
lope toward the stream channel, where the per-
cent (1-D) represents the amount lost or leaked
to a deep storage zone. Under the assumption that
TOPMODEL sequentially fills the saturated zone
storage and then the infiltration zone storage, a
local storage deficit or effective depth to the water
table is determined. Once the local storage deficit
reaches zero, there is local saturation and overland
flow. Antecedent conditions and surface permeabil-
ity also determine the rate of infiltration and flow.
Due to the limited available data, evapotranspira-
tion is calculated as a function of the day length
and temperature (Hamon 1961).
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Mesoscale simulations mapped onto a mean area~
weighted domain representative of the Xixian study
basin are simulated as spatially uniform input to
TOPMODEL. This coupling provides the down-
scale link between GCMs or global reanalysis fields
and the watershed scale. In this simulation, neigh-
boring mesoscale grid point values were used to
generate mean area forcing variables to TOP-
MODEL using an area matching method (Kim
et al. 2000b). The 60km mesoscale model res-
olution allows for initial evaluation of a coupled
precipitation-streamflow simulation, however, fur-
ther nesting (e.g., 10 km) is necessary to capture the
details of the local orographic forcing. The follow-
ing section provides details to the calibration and
verification of TOPMODEL at the 51010 stream
gauge.

4. TOPMODEL calibration and verification

TOPMODEL calibration consists of two parts,
(1) computation of the direct parameters and (2)
optimization of the non-directly computable pa-
rameters. The direct parameters include latitude,
watershed area, soil depths, and the topographic
index values (mean, variance, and skewness).

The latitude (32.5°), which is used for the evapo-
transpiration parameterization (Hamon 1961) dur-
ing calibration, was determined as the Xixian study
basin mean latitude. Soil depths (upper layer equal
to 45 cm, total depth equal to 120 cm) were based
on the correlated Soil Map of China description
of the Huaihe region with the FAO-UNESCO Soil
Map of the World (1978). The depth of the root
zone {Zrooy) was set to 40 cm based on the rooting
depth of winter wheat and summer rice (L. Mearns,
personal communication). The topographic index,
A = a/tanf, a flow similarity parameter used in
the semi-distributed hydrologic model simulation,
is the ratio of the upstream flow area, a, that crosses
a pixel with slope tan 8. The topographic index is
solved numerically using terrain elevation data and
GIS tools (Band 1986; Miller 1997). The Chinese
Ministry of Water Resources (MWR) Digital El-
evation Model (DEM) data was augmented with
the Satellite based 3-arc-sec Digital Terrain Eleva-
tion Data Level IT (DTED II). Upon merging the
MWR DEM and DTED II data, pits and small
depressions were removed, pixel flow paths com-
puted, a topographic streamflow network defined,
and a topographic index was generated for each 3-
arc-sec pixel. The topographic index computed for
this region has a mean value of 13.08, variance of
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2.02, and skewness of 1.76. This unusually high
mean topographic index is due in part to the flat
flood plain region with elevation changes of order
30m, and the steep southwestern mountains (Tong-
bai and Dabie) with elevations exceeding 1,000 m
within approximately 30km.

Parameters that are not directly determined from
the data are calibrated to historical precipitation
and streamflow time series, as well as land sur-
face characterizations (topography, vegetation, soil
type, depth to bedrock). Parameters that are cal-
ibrated in this study are the saturated hydraulic
conductivity (I), a scaling parameter describing
the decrease in subsurface transmissivity with
depth (m), the field capacity (8), and a leakage
parameter (1-D).

Calibration and verification at stream gauge
51010 utilized the observed daily precipitation and
streamflow time series corresponding to the Xixian
study basin (2,861km?). The streamflow model
calibration was based on precipitation data derived
from the arithmetic mean time series. Once cali-
bration is complete, parameter verification for a
different time period of the observational record is
performed.

The four calibration parameters (m, D, K, 6} are
solved via a two-step optimization procedure. De-
termination of the best range of values for the pa-
rameter set (j = 1,4) is based on a Monte Carlo
simulation of TOPMODEL about a minimum and
maximum range,

PAR; = PAR; min

+ random(PAR; max — PAR; min),

0 <random < 1. (1)

Each parameter minimum and maximum initial
value was determined by information from simi-
lar studies and available basin data (e.g., K was
set to 20,000mm/day and is in the range of val-
ues representative of tilled clayey soils). The range
for each parameter is narrowed by a Monte Carlo
simulation of 1,000 iterations, followed by a second
1,000-iteration simulation with new minimum and
maximum values based on the statistical analysis
of the upper percentile of model efficiency (Nash
and Sutcliffe 1970),

Eff =(1—0./0,)", (2)
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where o, is the variance of residuals, o, is the vari-
ance of observations, and n is one. Optimized
values are determined from the multi-parameter
space where the parameter-dependent efficiency is
contained over a broad region (6PAR/OEff ap-
proaches zero). An initial optimization for the pe-
riod 1982 to 1984 resulted in 65 percent efficiency
(Fig. 4).

The optimized parameters were then used for
off-line verification simulations with the observed
precipitation data. It should be noted that the
optimized parameter set is not unique and repre-
sents only one solution set within the optimized
parameter space. Figure 5 indicates the results
from a multi-year (1985-1988) verification of TOP-
MODEL at stream gauge 51010 of the Xixian study
basin. More than 80 percent of high-flow periods
were simulated with both good magnitude and tim-
ing. Low-flow periods were within 70 percent of ob-
servation. There were a few periods when the ob-
served streamflow went to zero and the simulated
result carried a small but significant base flow.
There were also questionable observations that may
have skewed the efficiency. This is apparent during
periods with observed high precipitation and low
streamflow (e.g., timesteps 2040 to 2050). The re-
sulting calibrated and verified parameter set (Table
4) has been implemented into the RCSM for hind-
cast simulation studies at the Xixian study basin.

An interesting diagnostic is the saturated stor-
age deficit (SSD). Figure 6 illustrates the simu-
lated daily variability of the SSD for the Xixian
study basin during the year 1982. The SSD is based
on a soil moisture mass balance at each timestep.
As part of the calibration, SSD was initialized on
January 1, 1982 as 40mm (shallow water table).
The SSD increased until day 100 when precipita-
tion exceeded 20mm/day and again on day 150
when the precipitation exceeded 50 mm/day. Sat-
uration did not occur on day 150 due to the large
SSD available. The dry recession periods resulted
in increased SSD due to base flow drainage and
evapotranspiration. On day 195, a large precip-
itation event resulted in a SSD less than 5mm.
During the days, 195-210, 225-230, and 232-238
average daily precipitation exceeded 40mm/day
resulting in the SSD becoming negative. Pond-
ing or flooding was simulated to have occurred for
days 200-205, 215-220, and 235-245 during 1982.
Inter-period near surface saturation may have oc-
curred with periods of high evaporation of ponded
water. After these precipitation events, drainage
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Table 4. Calibrated and verified parameter set for TOPMODEL at the Xixian study basin.

Parameter unit Description Value
m mm Scaling parameter 60.0
K mm/day Saturated hydraulic conductivity 20000.00
1-D % Leakage Parameter 5.0
6 % Field capacity 35.0
A mean In(m) Topographic index mean 13.08
A yasiance In(m?) Topographic index variance 2.02
A skew Tu(m?) Topographic index skewness 1.76
Zypper m Soil depth — upper layer 0.45
Zoia m Soil depth - total 1.20
Zioo m Root depth 0.40
A km® Total watershed area 2861.00
Pucro % Percent of precipitation bypassing soil 2.0
P % Percent of area impervious to infiltration 1.00
long-term climate simulation was initialized with
o ETTT T TTT 0 the NCEP-NCAR reanalysis (Kalnay et al. 1996),
7 r o hereafter Reanalysis, at 00 UTC on January 1,
£ 1o p 1 g 1979 and continued for five years by prescribing the
2 sof " 8  large-scale forcing with the Reanalysis along the
% el L 5 P . i lateral boundaries at 12-hour intervals. A prelimi-
5 i Uy AL 110 B pary simulation was made for April 1995 using the
e M 3-%""{ § same domain and resolution (Kim et al. 1998b).
E 20 1. 2 The mean monthly simulated and observed pre-
8 of § cipitation (Fig.7) indicates that MAS model can
20 b T simulate the position and magnitude of the pre-
(;’ T e o e cipitation band with reasonable accuracy, at least

Timestep (days)

Fig.6. Results from the TOPMODEL cal-
ibration for days 1 to 365. The ob-
served precipitation and simulated satu-
rated storage deficit response during the
first year of calibration indicate the peri-
ods of saturation.

and evapotranspiration increased the storage deficit
to the mid-winter high of approximately 50 mm.

5. Coupled atmosphere-streamflow
simulation

A hydroclimate simulation for the period of
January 1979 to December 1983 was carried out
over the East Asia domain using the RCSM. This

qualitatively. Due to the computational limitations
at the time of this study all of the simulations were
made at the 60 km resolution.

A time series of the simulated and observed
mean-monthly precipitation and streamflow for the
Xixian study basin is shown in Fig. 8. The precipi-
tation and streamflow trends are well captured, but
the JJA and SON seasons, when the heaviest pre-
cipitation occurs in this area, are over-predicted by
the mesoscale model. Numerical modeling of con-
vective precipitation remains an ongoing topic of
research for improvement in climate simulations.
The over-predicted precipitation, in turn, results
in over-predicted streamflow. The 1983 JJA sea-
son resulted with the most accurate simulation,
which may be teleconnected or coincidental to the
strong 1982 to 1983 El Niflo. Scatter diagram com-
parisons of the observed to simulated precipitation
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Fig. 7.
(mm/day) for April 1995: a) RCSM-
simulated precipitation, b) satellite and
rain gauge precipitation data based on
the Global Precipitation Climatology
Project (GPCP) described in Xie et al.
(1998).

Monthly mean-daily precipitation

and streamflow are shown in Fig.9. The over-
predicted precipitation has a linear correlation of
67 percent and the over-predicted streamflow has
a linear correlation of 60 percent. A systematic
shift shows up when inspecting these two figures.
The cause for increased over-prediction in stream-
flow is due to a high flow bias that occurs dur-
ing periods of low precipitation in the simulation.
That is, TOPMODEL is calibrated for high flow
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Fig.8. A comparison of the simulated and
observed mean-monthly precipitation and
streamflow for the Xixian study basin,
January 1979 to December 1983.

events and tends to over-predict streamflow during
low precipitation periods, where both the observed
precipitation and streamflow are low.

The observed and simulated mean-seasonal pre-
cipitation and streamflow for Xixian study basin
(Fig. 10) indicates that the long-term simulation
predicted the DJF, MAM, and SON with fair to
good skill. However, during JJA, the over-estima-
tion of precipitation caused the streamflow to be
over-estimated. The precipitation bias is —0.4 mm/
day, 3.0 mm/day, 8.6 mm/day, and 0.5 mm/day for
DJF, MAM, JJA, and SON, respectively. The rel-
ative error is 50% for DJF, 120% for MAM, 160%
for JJA, and 18% for SON. It can be seen that
the trend is good, but the magnitude, particularly
during JJA is off. Properly capturing the magni-
tude and timing of monsoon precipitation is prob-
lematic to all atmospheric simulation models. The
intense convection that occurs requires further
analysis for an improved precipitation scheme. Sim-
ulating convection in numerical models is difficult,
and an important ongoing research topic(e.g., Hong
and Leetma 1999).
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Fig.9. a) Observed and simulated pre-
cipitation correlation plot, and b) Ob-
served and simulated streamflow correla-
tion plot.
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Xixian Study Basin
Mean-Seasonal Preciptation and Streamflow
(1979-1983)
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Fig.10. A comparison of the simulated and
observed mean-seasonal precipitation and
streamflow for the Xixian study basin
based on the seasonal mean values from
1979 to 1983.

6. Discussion

The multi-year simulation indicates the ability
of the coupled system to utilize the Reanalysis and
simulate mean area precipitation to produce
streamflow. This represents a significant first step
toward long-term precipitation and streamflow pre-
diction for this region. The mean-monthly analy-
sis indicates a summer time wet season with high
streamflow and dry winter and spring seasons with
low streamflow. The RCSM-simulated precipita-
tion and streamflow compare well with observa-
tions during 1982 and generally over-predicted dur-
ing other years. The over-prediction was most sig-
nificant during the summer season, but was close to
observations during the fall and winter. The over-
prediction may be due in part to the limited quality
of the Reanalysis used as large scale forcing in this
region, or the mesoscale precipitation scheme.

Several regional climate model simulations for
East Asia have indicated similar difficulties produc-
ing convective precipitation during the monsoon
season (Giorgi et al. 1999; Kato et al. 1999; Wang
et al. 2000). Results from Giorgi et al. (1999) and
Kato et al. (1999) show that the RegCM gives dif-
ferent precipitation, likely due to different physics
used and the different time periods for the simula-
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tions. Giorgi et al (1999) used the RegCM to sim-
ulate the April and July 1990 precipitation in the
eastern Yangtze River basin and over-estimated the
observed precipitation by more than 200 percent.
Kato et al. (1999) used RegCM to simulate the
June 1990 precipitation, and under-estimated the
observed precipitation by 50 percent. The May to
July 1991 simulation by Wang et al. (2000) using
a modified version of the MM5 model reported an
over-estimation of summer precipitation in eastern
China north of 30°N. The eastern Yangtze River is
located at about 31-32°N.

The above results, as well as those in this study,
indicate the difficulty in simulating the summer
monsoon precipitation in East Asia. Model formu-
lation plays a significant role and the same model
(e.g., RegCM) can result in very different results
due to differences in the precipitation physics and
resolution. In general, atmospheric circulation
models show a strong sensitivity to the convection
scheme (Kiehl 1992). Giorgi et al. (1999) showed
the precipitation physics is very sensitive and Kato
et al. (2000) indicated that the effects of spatial
resolution will alter the resulting precipitation in
RegCM. Additionally, East Asia’s unique topogra-
phy, ocean influence, and large-scale forcing make
summertime prediction difficult. The reanalysis,
both NCEP and ECMWF, may not be accurate in
East Asia due to a lack of observations over the
Tibetan Plateau and the Pacific Ocean, as well as
possible errors in the assimilation.

Regional climate modeling with streamflow has
been applied to regions where most of the heavy
precipitation occurs during the winter with little
convection with significantly better results. A
multi-year hindcast study for the western United
States using MAS-SPS at 36km resolution, and

TOPMODEL for a 658 km? basin resulted in good

precipitation and streamflow skill for a northern
California coastal basin (Kim et al. 2000a). This
region receives heavy precipitation from January to
March, and it is mostly orographically forced pre-
cipitation, unlike the convective precipitation dur-
ing summer monsoons over Xixian. In addition to
the type of precipitation, using 36 km resolution for
the mesoscale model in this western U.S. simulation
has improved both the precipitation and stream-
flow results. Leavesley et al. (1992) used pre-
cipitation from a 90 km resolution regional climate
model to a headwater basin in western Colorado
with fair to good streamflow results. Leung et al.
(1996) used a 90km resolution regional climate
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model with an elevation band delineated sub-grid
orographic scheme for downscaling precipitation to
a small headwater in Montana. This resulted in
fair to good streamflow for a river basin west of the
continental divide, but indicated an over predicted
rain shadow east of the divide. Double nesting of
MAS model from 60km to 12km will provide im-
proved results that can capture the rain shadow
effect. Fine scale precipitation predictions down to
1km resolution can be simulated by combining the
dynamic downscaling with statistical downscaling,
depending on the spatial and temporal availability
of historical precipitation records.

Further investigation of the observational record,
the Reanalysis, and model performance will be re-
quired to fully understand this weakness in the
simulation. Future improvements will include finer
model resolution and more data for evaluation.

7. Conclusions

A coupled atmosphere-streamflow hindcast sim-
ulation at the GAME/HUBEX Xixian study basin
using the RCSM was performed. Hydrologic model
calibration and verification utilized the available
land-surface data, and observed precipitation and
streamflow records. The multi-year 1979-1983
hindcast simulation indicated that the RCSM can
simulate the fall, winter, and spring with fair to
good skill. During the summer season, the RCSM
has over-predicted the observed precipitation and
streamflow. East Asian monsoons remain difficult
to simulate due the convection, topography, large
scale forcing, and ocean influence. The Regional
Climate System Model has indicated the potential
for coupled precipitation-streamflow mean-monthly
forecasts to improve long-term research and plan-
ning for water resources and agriculture in East
Asia.
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